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(54) ROBOT CONTROLLER 

(57)Abstract: 

PURPOSE: To provide a robot controller which can 
indicate the optimum position of a work to an operator 
with consideration taken into the robot performance. 
CONSTITUTION: A CPU 1 1 controls every part of a 
controller 3 by means of a RAM 13 and based on the 
control program stored in a ROM 1 2. An operating range 
indicating device 17 moves the tip of a coating gun held 
by the arm tip of a robot 1 along the outer edge of a 
coating range. Then the CPU 1 1 automatically correct 
the teaching data so that a work is kept in the coating 
range and also the work is set at a position where the 
highest working efficiency is secured for the robot 1 
while considering the ratios set among the angular 
velocity, the angular acceleration, the maximum angular 
velocity and the maximum angular acceleration 
respectively for each axis of the robot 1 when it moves. 
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(57) [BIH] 

S P spy h<DfliiJWgK«r««f 5 C to 

C P U 1 1 tt, R OM 1 2 KE1S*nfcil?JW 
^a-^AlCfiEoT, R AM 1 3%ffll>Ti!li*fT5 d 

i: ck <3 . W««fll3 0«a5*ISiJW-r5. ftttWHf&*s 

SB i 7 a, a^-y h i (DT-i±<D9tmmniinrm 

gjff>^*aS«HrottSfci9oT»»S-8:*. CP 
Ul Hi, 7-*tf±32S^«H©rtfllfcttV' , S«}:5k: 
IR^-r-^ifefii&WtttjE-rSo CPU1 Hi, 

h ltfgfc^i^lTef^ffiiHfc:?— 9 




(2) 
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wis«aoinHE«Ko*n^n*, bubo** ^co««w 
mmmnmzfr 6oibakj:o mEa^sitiii&tf e>ti# 

(c «j o TMI3 p jK y h *ff » $ -1* « fMWBH*«*q-r * 

Silo 

2 ] $mm 1 IBIS© p # -y h Olfflglt *5 

i:, 

3SftOSPl(i5fe t ft* ^ffiB^tulB»^iJii^«rt lc 

HufBT'^ffiH^tuf B.g*SiJSi*i8<D*l- fc 3 Mf3 
ff^W^MAH-Viin^fiihiil^ft^rS] i: «Sft *ffiJ£©#|fo 

St**?? p jR -y h *MWT * p # -y h o»J»*Bk: fci^ 
T, 

WKflilv*- *© 5 "6 huHBp <K-y h ©ft«^»c*5Jt S » 

cti6«ojis*atJS«iiK:¥ffftia«TfHsnrc 
Jt^s^EiaTOfa-r * sac [60^ 5 ?j fa^num.Wk'r- * 



kit ®mz-&z®m¥®. t *m&t zct mm t-tz 

Buf3g*?iM«i«F*l t iltliEft*R©ft «©*t* i: ft * -7 

-**m£©¥&©Rffl±%»»34i:fttf setters* 

10 — >-r— yjl/t-. 

^•Tillil-r-^lco^T, tijf3«lil-r-^W^*.tuf3P 
# -y h o>msm \n ts if * »tt*iRi <}; tf «/J^ 

*S^ife«*tK cn60jS*3ffi5-* 

ttc¥fTftettT*Hsnfcjgtt**-ri6»-r-f 

ig^ (c {±. mmtWr- **j3BR9UO ^'L^^* tf<D> i 
tb^g^a^^fe $ MfB«IE#IStc (i huI3»^M« 

« ■& s i: ^M«-r * c t t -r * a * 

ff 5 p* -y hifeWWrsnsP-y h Ofi||fg«tc*5^T, 

Tf»j-3fcffiif**ftiaactt%. tut3^s«[H]*Efi6co^n 
Huia^»0tettw^n€ - n«Hijif3ftMAJ:i:»3 s 

fit t -T * ft SSftg* fKKR#a i: s 

50 mmmtamm^t, 
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mi aft m&mtimnv ftgis t t <omsm\c m o tm 

* ft £ L T# inM S ft ftnM£3? tti , 

WE*a©ia<gift(ofl{iiafti!iP3aiiE*KiaiKtt«)a*ftiip 
tot mmm*®m iz*kz>n tmmm^m^m t it mm 



[0 0 0 1] 
[0 0 0 2] 

^ U- * (c j: o Tl^snfcaaeDflJpif?©?^ 

(C n sfl -y h SrlftftS 6«^*ff 5 * > 5 -f VftiS 

W 4: A7J«H t *>> 5 * « * 7 5 -T y&jSSRfcffl 
/S^f 3 * 7 =7 -f £ (CtvSU T* ^ 3 o 
[0 0 0 3] H5 0ttfiaeOn#y hO«J»*«*fflV> 

3 a n#-y h 1 », T-L, la, lb 1 
c 1 ~ 1 c 4*tt 4 g4SO^A7SOD^7 h OP 

te, p*> h l (4, #M05fe*»telEa*Sft^l«^y2 



[0 0 0 4] fWttgS 1 0 3 (4, CPU 
■) . ROM (U— Ktf^'J/^'J) , RAM (5^ 

T, FDDtWS) S»*»6*0, TVl/l 0 3 a (C 
i 7 TD#7 h 1 fc««Wte»«ESftTI/^5 B !&JtPI£B 
1 0 3(4, P^-y h 1 (crtisnftiyn-mmt, 
fcftHlettl c 1-1 c 4 0ft&*P&&«E*f>2j&iQ 
<SMM3«ktfn#«y h 1 ^fc«fc^T4A 

&ftfcffi«ttR**g*> 2 jt*a^jajfl-r * * 5 a 
h i <oiirf¥*#j»r*. *jw«« i o 

Tfe^ffl^ft^o 

[0 0 0 5] ^7C»f^S«4tt, A7J/l^-i:l^^ih 
& 0 *^U-*(4. f7C»l^g4»LT, P^>y 

h i ic*rr*»f|s©i&s, a^f-^wsi, ^z-a 

1 a, 1 bOSS^7-A 1 b©ifeii^6a«^y2* 

*7^-T>«^St« 1 0 4(4, CPU, 
ROM, RAMOitf^/W, #-K. FD 
D*%*IU D#y h 1 *mmmW 1 0 3 iOMlc^- 

-e^So *7 1 0 4(4, ±IBR0M(CP 
4-> -y h S/^fflO^ffl V 7 h r > i Z^r^ L> d ti(c <t T 
^-^l>-^(4, Sll»tca*«y h 1 .*t*»t£li4<, *J 
ff flMKftf 5 V- -> a >*tf 3 21 £ * s> "TSfiT » * o 
[0 006] pm&m 1 0 3 fe«fc ?7C»ff«« 4 %flf 
>«t^(4, WTlca^SCD— <D©**W 

t3ft^o 

ffi^ft^*^*,*'?, cfloig^ ifa^-^f^ga^ 

© : ^-^W— £(4, P T P (Point To Point) £fc(4C 
P (Continuous Pass) «©£8jT», S«^>2Jfe4HA< 

®:^-^u-^(4, wMj-yzn&mm., mm^ta 

©: ^1^-^(4, ±f27-^«*&S«^tb7 l 3-r§7- 
^^B^Tfl^. S^^(4n>-<7vi'>A ,: tU^t-Sii 
lifKStLTn*^ h 1 jWjs nap-y h 1 ©SftflF*« 

[0007] *7^s^m^tes ±m*>?<<>m&£ 



(4) 
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1 0 4rti£OFDD-p7n7eT^x^tg#sn> M 

wmm i o 3 rtsio fdd -vmrnm i o 3 ^i^&s 

#y b 1 fcttttS-ltS Ci%< 

«3Sflf*0fc»fcP#y b l^Xli£D7YV^O^ff 
[0 0 0 8] *>5^>i^tfctt*75^>«Sfc<fc 

ot^f-^^Msnst, *^b-£«> mwhe 

■ 1 0 3©S]fFe- H*W£*- Kfc-fe-y b U fSt^-r 

b-2«. Vtf'y b 1 0»f^»T», ftiJ»£® 1 0 3 co 
ififF^E- Ffc-fe v b U WLTTs&n&m 

[0 0 0 9] ^7-5Y>^c0S-g-, *77^> 

»f^«rfft>-&**^, SE^t^T'^b^o^IE^i&D 

flit* J: afS«SK*SSIg-r S fefete S£-Mfc?;-r- * 

[ooio] src, ft^-sfos^cioTwen* 

W£^fl6fc¥U*TU IP&KpjK'J/ b l ©»f|=-*mtr 

jia<*lf K0tn;fe«£\ MSB i0 3(iP#7H« 
OSSDsK-y b 1 *f&fES-&«*\ &SVfcJ\ ntfy b 



[0 0 1 1 ] 

©±eo7 - * «»«h* w-r , A«7-y *<eiw 

RjS*^ 5 V- * $ ■pOEfc&SSBJ bfc 5 » g »jT*f*« 

««Hrtfc^£MX£oTVv8:fr-3fcD, *-M-X7 
B$<o^#ilDb^«SBBfr£«»ftbTb3:d C <fc 
*^SKfcjEd * O* ©888*3 «fe tfWSfM* 

[0 0 12] ©y^-M&iSfcfe^T. s^b- 
Kfc p # >y h U ft* 6 S^x- ? ©#FIE*fT a tfe 1 

Z ttttfV^On 7hOS< -eS«f KOiR^ff **fr d 
20 iltt%5 0 ZcOTctb, t^U-Zli, 3.(0® 

(DIRSWicWJeLfeaSteWbr, P#-y S^^tctii 

*«iiiolll«jbMftT b, f©r;fcigp n nIWf b < ffiT 
bfc Sfe. S^fcn*:>y h«1Mt(C-£fc>*tT»jmi 

so [0 0 13] ®ttwfc*tfW£©»&3Eb@tt#£<fc 
4?-y h©1Sfi6!6**b«:^6» ^U-?EWLT7- 

$ij»«B^if «r s c t * i « t -r s 0 

[0 0 14] 

[^s^p^-rsfcto«#ig] ifjRJi i feigcofSB^i, 

40 ffiftO[i]«sM(c «fc -=> T r- AO^Sfc^tt & 

^ 5 cOW77tc <fc 0 HtjfB«^SiJ^«Oli^tc»o TffffB 

[0015] m^zmm^ma, tmmimmw 



(5) 



^¥8- 19 4 5 12 



* s t- , mmmm^nmmc * sitiefHui 

M*iiJiifl«rt (c % 5 frgfr fcipJWr S » iff 

[0 0 16] ^**3|B«OSSWtts h<Or-A 
<05fe«8fc:8S:lt6nfcf^lia*fdl-7 , -5fJi:fieoT85i!i* 

*jjV*-j£&#i«>* SUlilv*-**, cn5)OjS*ji5ft 

3ateiftft»^*rti'NiifliEa»7*-** i PfT»»*'»x mm 

£Jfrr-**l§rtES-t*:3«SIE¥«i:, huHBS&x-^ 

ttfJlSHftf*- * ©SSZHcfct b T tut EftftflWUt** 30 
#465*, MIBa^S»cttttff««J±a|ifi^ja*** 
* *> fiuf B»iE¥® «MIB»{¥««l:b*a^iaoffl«k 

(jC o T tu IB £ & f*- 2 * ¥fr $ » ^ Tc » laj «& S-e £ ffl 

[0 0 17] IS*«4ga«oaWB, 

s^t, tuiB^7<giJ5apii5? (c mi arc mmcoft 

4 '6 « * - fr — 4 v fHW* K it « itu IB 
7 —fr tcfcfT * MIB^ilfl:«fl51*^-r flil-r- * tc-^> 
v^T. tufBfiil^-^oa^MIBD^-y hOttflBRic« 
« Ol^cl *3 <fc tf «/Mt*^-Tit**»6, K 

•ut-r-f*, ens ojfr&i oftttcwssnwnfH 



* via s »ffiw«jt4««yca*»Rr * as?^s 

b l/ {4 * MfE^iS! 7 s — * «• tufBRfflO * 

4>fc lt$»£*, t5faiMiMi±*g*32*wa3>$ 

* *WERMo^jC>j«*«f brffifa 2 ooiffii« 

» t t> r maent > *#» s fc « m % r s * s m w 

[0 0 18] 5 |B*»56Wtts aftWSfHfrtT-ji 

laaft^Hisw^^n^ntc^bTftMis^^sftii 
yas«rt o jsst wit, m mn mmmt) m 

tfifi 5£<DfflW-LT-& 5 ^SA^f U Wf f S ft 31 aB^J{»J 

m&MR&wi&m. t*mm?z>^t **s« fc b r 

[0 0 19] W*«6iBttO«Wtt, «»0@I««lT*ii 
®J3 3ffeof^aS*?f a n !p -y h **UWr 5 n ^ «y h 

*, MtB^ftoiHiiHisc^n^nfco^T^tosft^ 
fttoiiftit^ftAp^jSftg^fflt-rsfttip^atg^fiiiiw 

HulB#^SO^±5iJ3tfI«rtO^-MI^t» 
UT, MfBft inaiStgA «*»rifeo«W±if * § Sfr 
^*|J »r -T S ft ira^fitg^ finWBf ¥S i: > iufBRfT^flJ-X 



(6) 
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[0 0 2 0] 

jfctsnsa^HtsSBH^iEto tehes-s* e 1 k ± 

[00 2 1] if 2 we««^0^tc i: ntf . «H*¥S« 10 

s ^ sttRtf fi±?ijiig^F*3 1 £ % ^ g frmmt % a 

[0 0 2 2] IS**3ia*0«MK:«J:ntf. MR#8tt 
££IR* * S T», tt^-r- £ «&33tc*t U 

[0023] m#JH4 3Bttc>5&wte«j:nfcr, j§#j#& 
m-eib&m&icit. aft? 9 — **P35llo*<&jS*4'i>t 

[0 0 2 4] S#*5ffi*©fgWJK<J:nfcr, ft&&*tti 

ftaffltt»iti¥aa«aoisite«icDft3aft*KiHi*s«i<o 



10 

[0 0 2 5] H*a6lB»058W»cJ:nHr, flMfif 
46, ftiPiaSJ±WW^a*4l!^OIlIlB«Oft*n5ftS«:K 

[0 0 2 6] 

Oi^T 1 Elffi^-rS C ££\ (d/dx) 2 « x tcoi^T 2 tal 
£1 1 &^T„ (d/dx) y (4 y = f ( x ) 

*x(COWl@»U (d/dx) 2 y (4 y = f (x) % 
x tO^T 2 SflfcJ-rS C fcfcjjVTo 
[0 0 2 7] 0 1 ttC©«i«©-^«iWi: J;5n^7 h 

•v^eiT'fe^o cpu i^mmmu) i m, rom 

Atcfi^T, RAM Cv^^'AT^-bX^^U) 1 3 £ 

fflv^Tffla*fra c t k * o , «j$p&b 3 cr>&&&mw 

•tZo Sttz. CPUl 1 Si, Z-fri 5fr<bift&W> 
T, ROM1 Z*»6n*wM*IWWr*ftftiO*J19y 

ny5A%, RAMi3fr5R/^a8*tt*tt*a 

•g> 0 CPUl Hi, F D D 1 4»TRAM 1 3 tfg 
•y h 1 tcS^fg^bfcli^ttt, C PU 1 1 liXlf- 
[0 0 2 8] W^SBH^^Bl 7tt, m&#Z/2 9cM 

zmmmmcDftmiz: m?T&mz#z> m^mmm^m 

(I6~0 9#i) ^rffdo Sfc, ftfMEHJB^SH 1 

7 «, mnmttmw 4 ^ 6©A^*mK!fgffl lts d , 
1 7 OiiMsnrmmm^um^^u i«tn*yh 

1 *f?±S*«. 

[0 0 2 9] h 1 ©«[Ul5tt 1 c 1 ~ 1 c 4 fc« 

■9— apt-^f 1 9fe±tfx>3-^2 O^fll^nt^ 
5c CPUl i*<ttgbfcl6S«ryzo8f3!(iflfe«fctf8 

■9--**-^ 1 9-N3M?.nSo -9— 



(7) 



WM¥ 8-194512 



2 1 9fct, H^L^V^iS^^LT, ftHltittl c 1 fcRilfcU SWcfitTbfcxttk yttk zttfrS&a 

~1 c 4 *±|Hftaffi-p±IB0«ftffi^O-@K*-e-, 7 j£ajS«3RT?fc* 0 0f5« 1 c 1 ttfli^tlSIIgU 

-A 1 a*5j;tf 1 bSrlEiJrTSo i>3-?2 0{±, _k 0 3 KjjVTWU >£l d fcftLT, 7'-Ala^±T 

fB«a»oMDaj±^ite«i^#v , «Ji^"cfet3Tt.. icft^-r. *pffv>*i dor ltf*® ^/t 

1 c 1 ~ 1 c 4tC|*D«^n/c-9--^ : &-2 1 9O0 (7-Al a, 1 b «X£ vSfcOTfffifcEfc ffl t ¥ 

<gftSi:#ia*««aT?**. cpui us, j-vn- ff) ©mtetti c \ conm.^Qi = o a tt%* wj 
^"2 o««*ftaL/'cftia**«fca t iHi«Eftfi* ; e-* K^-r 1 d BftfcEMEtt 1 c 2 a 0 2 7r^c 

^18^LT®!)ii^ 7-Ala, 1 b<D», @KU 7-A 1 a Jfefefcteft*'"*-, 7— A 1 a z x 

[0 0 3 0] B2BM»8l34ffl^fta8fflDiK»; h 10 3 0 

->XfA©»J*StgffiBT'$5o CO0£43<^ [0 0 3 2] 7-A 1 a Office Sgtt ^ntmm^ 1 c 

W\ *OSiW«r@ie-rSo COBfcStS8fflp#7 h -Al btfT-Al a t-ifiiatft-3/-ck*<0ia<EWl 

~>X-rAtcfcV^Ta, »Sfll 0 3fcft*.T$iJ»i6B bOfta&03 = O° £t& 0 7-A 1 bOftttUcfttt 

3Wctilt6tlTl/^ 0 *$£Wl$*>?-<> P.nrclH]#5Wl c 4« 0 4 7j|6]£iai|teU is^'yz?: 

^fe^^77Y>t/f<Sll 0 4 (04 9#S$) &|^;fcfc*©l§Itettl c 4 Oftlg* 04 = 0 0 TS D 

H^tifclfc-rs. [0 0 3 3] SEHK«4|IBOBB«S:H3K*-rr 

[00 3 1] &»c. 0 3*fflV-T**ffiMTffiffl*n§ i, r 2 . rs. r4. rs, r e 0<fc 9 iC^St" 3 

B#y h 1 OD^-v h^-Xi£«3R«h»^&-r;l/teo^ 20 2 05fe4SBOtf« ( x , y, z ) *JJ:tf|H||6fcfia 

x= ricos0i+r2cos02+r3cos (82+63) - rts 1 nfi* 

(1) 

y= r 2 s i n 02+ rs s 1 n (02+ 0 3 )+rs (2) 

z ^- r 1 s i n 0 1 — r 4— r 6 c o s 04 (3) 

«= 04 (4) 

cOJc^lCg^n^o (x, y, z) fc-<£tfmteft&a*$to3il£:*:SI 

[0 0 3 4] ±IBOS (1) ~ (4) &mm 1 tt^SE«ifcV^„ ®(C, ±fEOS (1) ~ (4) 

cl~lc4<0tt(ei, 02, 03, 04) £^g=#> (5) ~ (1 6) fczpri^teRJS-rSCfctJloT. 

2tDMOll Cx, y, z) $5£Zfmmn&ct tli.1 30 lgf>2 0«»fii (x, y, z, a)fr6&HlE 
*t 1 {CrtfSL^TV^Cfc^ft-frSo CO<k?lC±f3 Ml c 1-1 c 4<Dftlg. (0i, 02, 03, 04)£*i* 

OS (1) ~ (4) £ffiV>T, SiDftttl c 1-1 c 4 *Cfc*a8fflBflqa»i:^d. 
(fli. 0 2, 03, 04) fti&&£t#>2OO5te4fiS<0 



(8) 
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0* =a (5) 

s infl! = (- z — r 4 — r 6 sin^ 4 )/'r : (6) 
c o s 0, = /1-siii 2 0! (7) 

*i = tan" sing ' (8) 

COS0) 

= x - r , cosfl, — r 6 c o s 0 4 (9) 

y . = y+ r 5 • - - - do) 

r a = /x, 2 +y a ^ (n) 

<f> = t a n (12) 

X a 

-i r , 2 + r-3 2 - r ^ 2 

a - c o s __! Lll EJ (13) 

2 r a r 2 

b = cos" r ' 2+r ' 2 - f ^ (14) 

2 r a r 3 

6 2 = <t>+& (15) 

G 3 = b - 7T (16) 

[0035] co±5a«ij«»E:j3v^Tx s-fia&ic, im (Dnm*o° 1 50° stfS!<bs«» is^y2 

**#ffifcr3V^TSfi^« Q W, **8MWK:«J;*£Sffltt [0 0 3 7] «i51®«\ WftiSTy Zffe*B*<jftC fcftS i: 

#y h^X^AOlMWRtt, H5K:ij^*5fcJ±tWiM» Sfc» @1BMl c 2Ofttt* r ft/hft£0M. =-9 0° 
«$§tt5 0 CKOHtcte^T, 9ircf ttH«HS, u J^6g^:fttfE0 2« =120° S"Pg6{fcStf, 

i'-H^-y^ffl, ki P l4ttffKr^>, Gi (V) tt-9— 2^fc*oT»fr*i**iill"e**. flit©!*, 

4^t-2 1 9fc«fctfDJF'y h 1 ©eiiMRTSS. CC >2 5fcfi8irt>^Dlc2&5 tic, 1 c 3©ftS*- 

t?, *RjroiS3= 1 # i = 1 wfctraig 1 50° frt>o° ST?*{ts«» »ft#>2iteMl*j5D 

IBM 1 c 1 teo^T, i =2©h^«ls]$5$i frS£A*-e»»«*fc»*fc» a**fy2ife4BfcJ:o 

V^C, l=3OitB0ls«lc3{i:^T, i=4<D Tffi*»n««laiT?*5 0 «J»SIE3 tt v cn6©«£: 

fc#t4@ilEtti c 4fc-ov«Troffi**bri#^«, &£jtf>2ft«©&*frSit«3Rtt5^f±*<. ±5fi 

[0 0 3 6] WTOittWfcfc^T, [l£ttl c i (i= bfc»»¥£«5£ (1) ~ (4) WSCfcKioT 

1-4) Og^«afli«axftJ:rfS/hftS0iinin4:tt, §1H*eW1 c 1~1 c 4 ©ftfi*p&3ji«>3 C fc^TS 

KDtt«StcJ;-DTi*ffi5nS#iai<gWl c 1~1 3 0 

c 40HHg«H*^ , r«Tf»5. BMJCteVT, 40 [0 0 3 8] *fc, MfHBa&^B 1 7^\ S^tf^ 

tt, @fiSttl c 10ftl%0' {c, HIGM1 c 20ftS 2 5tSS*BI4K:*r#ljl«rfi5< Jz*>te&mt£*£&9mK 

*i*ft*ei« =12 0° fc:, unEMl c 3coftfi* Ol^T. 06-11 Otc^fP ADB*#!HbTittiiHT 

2 5£iS<D{4Bt?&S. ««*f>2$£iStfj5A lBI$gll 7ttH4fcjj**-Aj&3:-e«6£#:'2©5fc 

tcfe^i:#tc, [h]$kW 1 c 1 , Ic3l3±tflc40ft ffi*®W]-£ EI6©X-f 'v7S A 1 'NJttfo X-? 

120° ^5g/hffiffi0!.in =-90° ST»sfts*, >ywPHTfflflrs><;i/*f3^*3ffi*'5£K, ^-2 

WBt*>2Jfe*»cJ:oTii3!»»tl*«(ljl-e**. «lM© (05<D9if, fiLi = l~4) £RAM1 3NW*& 

(4, 1S**> 25fe«S««jgBU:**i:#lc, @4EMl c3 so Xt7 7S A 2^nj1C? 0 Xf y^S A2?li, %ft 
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0iref , fit i =1-4) %JWtiU Xf»7SA3^ 
/S'iuB^^-F^'y^jieif tXf'^S A 2T'*J6fc 

0SfiI0>ref *Sfciaffi*g^« (B5©Uik. {J1L i = 

1-4) fcWttiU Xf7/S A 4'\Jttr„ X^-y:/S 

bfca, -fi»jo«a?i*«7-rso c©ffia«Huas©<fc? 

tlOmsec C'tlcmQMZnZo 

0= (-«/2) - (02+ 03) ' 

* fe, WTt^r a 0 1 cia l i = i ~ 3 ) offiti 5 ° 

[0 0 4 0] SlfMGB JBct&B 1 7 ©fflgtf, H 6 fczR 
txf-y^s A 2^iiir£, i^IfigfcEl 7 OXf7 
7*S B 1 ^itCfo Xf77"S B 1 Islfctt 1 c 1 © 

7°SB 2^mtf 0 X-r-y/S B 2 -ffi, uet 

frSX'r-yySB 1 4<0ffl3*«Ujg-ro Xf'^SB 
3*J;tf S B 4T*H\ mmi c 3©B«H»0sr.f *S<fc 

crutsHii c 2£o@<sffi0 2 r ef wuetio**** 

03»ax fecfet;«^ftS02«» 4f«AU Xf7ySB5 

[0 0 4 1 ] Xf77"S B 5T?«, 0*kW 1 c 2©SH 

fi0 2ref tf, ?"(O«/jNftjS0 2min £ 0 *#^RS, Xf7 

B 6©«ia*ll«>)g*ro Xf-yT'SB 6714, SUE 
HI c 2©g*iffi0 2,=r <P6A fli«K. Xt-v^S 

BSlCfcl/^T, IHfEttl C2OglIfI0 2ref t>\ *<F>WL 

'J-.ffjjae2.in J-XTfc^^tX-r-y^S B 7^\5i£? 0 Xr 

77sB7fB, @KsMi c 2omie2r. f c, *© 

i'J^Kffaui WAL, Xf'y^S B %<\ms a Xy 
y/SB8?8, IhIIeWI c3O0«4aes»f h\ ^© 
«/hftfi0 3.i„ £D:*;?r<, fro, mtettl c 2 ^[elfe 
Ml c 3 fOi'l^S^-ta 

X-r-y^S B 9 ©i&a*** 9 j&T. Xf-y/S 
B9T11 tsUsflSl c 3<£>SffM03ref ^6A03*5I 
<o Xf'^S B 8tCi5^T, l@Ulc3<Ogile 

3r Cf *-©g/hfcfie3.m wTt*s*\ 

miEWi c2t@yn c 3t(Dia*m&4>i}\ torn. 

JSCRcfcSfc, B8t,f>f^f7 7'S B 1 
[0 0 4 2] X-r-y^S B 1 0T?B, tafcWl 1 c 2©g 

wmBua t\ tnfkXft&QiM* ±»3/h«v>iH, xf 

■y^S B 1 1 OSaa^mOjS-ro X-r-y^S BUT 
«, mifctt i c 2 oail e 2,-ef ic a e 2 #in* 5„ x 

f7y"SB 1 OfCfcV^T, 0*Ettl c 2©g«t{«0z re f 
tf, *oWcftSfl»« JiLtKfcSi:, Xr7/SBi 
2'\31»o XT77SB1 ZT'B, BHSHll c 3 ©as 

ffl03ref t>\ ^©«7UUt0 3aax «fc0/h*lf"»IH, Xf7 

7°S B 1 3 ©ffla%* •? jg-To Xr-^yT'S B 1 3Tli, 



[0 0 3 9] HI 6 OX77/S A 2 fCTj^Lfc© 

a. -rftt)*, mrrmmm&umi 7#*iaH6*iii c i 
~i c4coaMi0irer *Sfig-rsjaaicoi/'>T, 07 

*3 <fc tf H 8 fcaV* PAD H *#BB L T fttH* § „ C C 

x% »@4bMi c i~i c 4<Dm±nme t ^ , 

&0i.t. , J3,fctf, m£Mi c 2i:0*EWl c 3£:©*I 

±oT*6ft»ui6«su*tiTv>*. w, ±.mmim<t> 

li&tc^fS (1 7) *fflt^TfM»r«ci:«'T#*. 

(17) 

|ol£ttl c3«Iififlw (CA 03?r)!iq^§o X-r-y 
7S B 1 ZlCjSl^Z, BJ*eW1 c 3 0gffl«e 3re f tf, 
^©117^/4 0 3»ax W±tC*Si:, X^-y7°SB 1 4^\ 
Mi?* Xf77"S B 1 4T*I±, ISJKWl c 1 ©HfMfte 
iraf fr€> A 0i%3if?^ Xf77'SB2'\i5 0 X-r<y 
7S B 2U:4SVT. mlsW 1 c 1 ©gfliile irer ^ 

©JM^SE 0 1. m ixt\c&%t~me>wm*mT?z>o 

[0 0 4 3] W, Bi7fc < ):D'B18tc^LrcA 0. GfSL 
1 = 1-3) Olli5' T$5tL/:i6', A 0 i ©ffiti 

ffijRoffitss-r s £i t tf*imv& <) , c < 

[0 0 4 4] H6~H8K:fie^Tjiaa*fT5»^ sif^ 

KHffi^ttB 1 7 fitQCM lCl^e ..in - 0 laa* (cjS 

A^I/\ C©ti-&. ^ft&ftgiW 4 

mimmm^mw 1 7 tc±tesaii©!^*fg*-r£ 

fcs fS^IEHm^Bl 7tt, l7t^tXf7 7'S B 
lJJiffSBZ ©ffiil^ frtJi", ffiJt© 0 1 (CytfLTX 
^-y7°S B 3 — S B 1 4* 1 £7£tt!SfrrS. 

[0045] ^tc, »j^i6Hfi^« i 7^\ 

TB 6*3 9 tc^-T P A DKMLai)'5iit 
So tfk ^«>25feSi:«ffii:©SEil^#1-€ , §« 
^■tca, *^u-^ti^«*r^2jfeiS5SSffl©}fe^ss* 

ffll/^T^^'>'2j l c4S^*tll(Cjfi-i!ttSo B6CS 

•tp AD0©*XT--yyr^Tt>ni>5aa©^{i, stfc 

JE^T * § © T-^HgT S o U— * ^.hf HfflS© 
•ry^S A 1 4gTXf77*S A 2-\3ft&» MfcX-f-y 

t"s a 2 t?s 9 t^-raia^js-tr, 
[oo4 6] H 9 icm-rmmit, x^-y/s c 1 fc^tf 

SC 1 3T?aS*>2A^^©l»tai%W<i&fi±tff?± 
■t&Zt%m< 07feJ:O'08OXf'yys B 3- 
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s b i 3fc5sb/£inai:Ricfeo-e**o-^ ^obmh 

tXf7/SClt-»LT5Sk SC13t*» 

[0 0 4 7] ;we, c P u l l a\ SStKH0rtttlc& 

««#>5fci«{&1lX [0] ~X [2 7] 

^^AsaLate-o^r h i i *3j;rj-0 1 2 ic^-i- pad n 

p] tt, &S#>2raiHStt (x, y, z) *5.fctf&* 
3?>20|Sl*flf*6!S:5»«oe (x. y. z. a) T* 
t ptigi 0fciSLfc£8«fiil±fc*5i,vt$«jff 
>2 5fe*«*8f»LTV^<«#€:*fo oft), 

ftwmx [o] ~x [27] *«#Afin«fc, mmm 

W3tt, »«*>2it4B*, ^«*>ife48ttBX CO] 
X [1] , X [2] • • - X (2 6) , X [2 

7] fcv^WTitsts. 

[0 0 4 8] * ^ilBftiaOMte^^-r 5 20 

CPU 1 18B1 1 oziXf-'V^S D l^Jitfc X-r 
■y 7" S D 1 T'U. ii*'>W(iIX [ t p] *-»J»Hk 
U ^et^U-^^#fnj«{ / F«fl4A>e ) A7lL^^ 
jRz*RAMl 3t»t*ii*, Xt-'v7°S D Z^C. 
C CX\ ^z&tt^att*£tt%xy¥fiOzttk: 

[0 0 4 9] Xf'yT'S D 2T f &, i , j, t p te 
0*, A j K+ l*?tlfn^AU ma_fti 
d;t>-l_ma_f £:0F F i: UftS, Xf'yT'SDaA so 
JttT. c C T\ 1 *3 ± tf j «H 1 0 iC7KTim<D»&& 

CfiTF, *ffi^f*8»T*«o £ 

fcs a j i*#«Wi«#!HLTV'»<»iRi*3S'ra«-e* 

A j 1 cDmSteM 1 OlC^-TyftolEcOTiTR] 

-v, a j t>m<Dm&&ym<r>M.<Dj;fa'\, mmttmt 

HlMX Ct p] "C&SfrSfrfcW^LTV^o ma_f 

#fiab/t#!SjS35j»S««SHrtfcAoTVfcE:i:*, OF 40 
FflD«#t±A^T^**»r3/J:eifc*w-r. 1 _rn 

a_ f « 2 ■Dm^mmLTzmm^^mtr^m^< 

t, ma_f ^IBIC^ST'feSo 

[0 0 5 0] D 3TJ«, #^©fiW«r^-r 

ffiS (x, y) ©^©xtcOfcftAU Xf^/SD 

4'NxiOo Xf^ys D 4TJii. x«10KS1-x 
»x WTOfW, XT7^SD5*WTy7'SD17i 

-eosaa^Dii-ro xf-vysDsm yicy.m 

Cx. y) ^#I{SJ;U X^-y^SD6-N5ttJ 0 Xir so 



7 7'sD6m ±&Litwwii&3mitm^x. m& 
jf> 29cMw±B!m&K$>z t zv&mm 1 c 1 ~ 

1 c4©fti (Bi, 02, 03, SO Xf7? 
S D 7 s\mtS* Xfy7 , SD7 Xii. itSOit (17) 
*Jfll/"T@<EM 1 c 2 fcNfiW 1 c 3 £©ffl*tftlS*& 
Xf >y X* S D 8 ^iiCTo 
[0 0 5 1 ] XT--y7"S D8T1J:, Xf77"S D6f* 
»ft^fi«OftfiteJ:tfXf7ys D 7 T?#i&;fcfH*f 

fc**fcoovt, tn^nro^s*', nn?7Hotta 

Jc «k -3 TBMfc * ns 0$siEH fc: $ 3 fr5fr**iJ0r f 
So CWflJfKltf TYESJ XT7/S 
D9^\ji£y 0 X-r-y^S D 9TJiJ, m a_ f #0 F F T* 
fcSfrgfr&WBf-rS. CO^iJUfUS**' TYESJ Tfe 
Sif-a-lcfi, Xr77'S D 1 0-\jit? o Xf'^S D 1 

oi'ii, 2 u, y . z, 

a) fc&gtfyjfeiStftBX ftp] 'M'tAL, Xf7^ 
S D 1 1 ^njI£? 0 

[0 0 5 2] XT7/SD1 IT'tt, ]_ma_f#0 

N-pfcttsjpfSfrftWif-rso c©w«*s**» tyesj 

■p*S»^fc»4. Xf77*S D 1 2^JttT. Xf77'S 
D 1 2 T-fi, x [tp-1] IC C x - A x . y, z, 
a) $\ ma_f {CON^rftAbs Xf7/SD13^ 
iit?o -73, Xr^ySD 1 L09JM*S«tf TNOJ <D 
Jf^fctt, Xf77'SD 1 2'Miit3;-f, XT7-/SD 
1 3 'Nittr,, Xf7/SD1 3T*B, t pic 
1 _m a _ f fc m a _ f Offl^, ma_ftON £rftA 
U i IC 1 SriOx., A j IC- 1 £rgC5 0 -7?, Xf7 
ySD9©¥UBf<lg*«< TNOJ ©«£-(C«\ Xx-y^S 
D14'\itt? [ , Xfy/S D 1 41?li, l_ma__ffc 
ma_f$r, ma_fCON«Al, jtCAj^P^. 

3c 

[0 0 5 3] -73, Xf77'SD80«W TN 
OJ O^-g-lCtt. Xf77"SDl 5^\jl£?o Xf77"S 
Dl 5m ma_f WON-Clb6iPl5fr*mKt& a 
CWmmm* rYESJ -P»*»-&JC«, X^-y^S 
D 1 B'xli?, Xf77"SD16f!i, A J IC- 1 
IX jtcAj^riqx., y fcy.m +A y X j ^CtAU 

(x, y, z, «)*X Ctp] 'NftAU t pfcl* 
iJPxS„ ^tc, i (C 1 -Srira*, x(Cx,i„+AxXi^ 
«AU (x, y, z. a) £X Ctp) tcftAU t 
pfcl*JqA«o l_ma_ftON^ ma 

_f tcON^rCtAL, t ptc 1 ^ripx.2) 0 

[0 0 5 4] -73, Xf77*SDl 5 «|iJBt$S*^ TN 
OJ OlS-a-fcfi, Xr7 7"SDl 7^\jIOo X-r-y7°S 
Dl 7 TB, l_ma_f {Crna_f &<XXt&o ^« 
ma_f KOF FfcftAU j KA j %))f)Z% 0 J-X 
±I^ftXf7 7"SD5~SD1 7 Xi^ 'V ^ 

[0 0 5 5] c p u 1 iw % mmft>29tmm 
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P ) *Mmcmm-rz,£?i,cvxy f i *mfr?mmic 
\s-5t>\ ±imm<Dm<£*m*?%t. mi 3«xf 

vySEl'viD. Xr-y7*S E 1 T?tt, ^^15tf 

i oms e c<ov>7v>inm-emt}-rz'Wxm* 
*sm-rsatc, *-*f*^/m som **tf, 

&rilfe«Sl c 1-1 c 4©ftJ87-r-FV<C«y*fiI*RA 
M 1 3^*3^*, Xf^/SE 2^jitr„ Xf-y/S 

^#>5«rti£§X [tp)*RAM13fr io 
£$*ttlU Xr-yT'S E Shitty., Xr-y 7S E 3 T- 

jjEmai&t&&, (5) ~ (i e) */hi^t, s 

»3?>ife*Hfl«X Ct p] &>>&®m&l c 1-1 c 4 

S E 4ffc Xf-y/S E 1 -eMfri&A,t£GLW7 J — F 
/^<y^W6if kXf'^S E 3 T*#ii>fc 
MfiJg^ffl£»WU Xf'V^S E 5^\jfit? 0 Xf7 7 
SE5fli, *-*K5-f^l 8^ajg^rffiuik Srlil 

[0 0 5 6] |g[ 1 4 -0 1 6 JCsS"*" * 3 20 

3>«7—*3 0*»»H»fiH3 lfr6a*WbT^«lt 
tc, 7-f3 0*«BK13 l ©rt»cf£l!j;*-ti£fci6 

^■r-^«:^iE''rsSD f atCOl,'«TBI 17-01 9tc*VT 
P ADH*#!HLT«i«-r*. *^U-*tf±E«fl«© 
BBSft^ffi^fSi:, C P U 1 1 (iH 1 7€>X-r-y7°S F 

1 'silt?, xr^ys f 1 -m, m^T—Ptem 1 

tFDDl 4 frtoMMK7ik~$~R A M 1 3fcP— HU X 
f'^S F 2'sJltfo X-r-y7S F 2T'tt, Xf'y/S 
FlTD-HSnfclwf-«, SSJP^^Tf-^ 30 
tSSJftU Xf7^S F 3-Njltyc UttWfctt, H2 0 
fc^Tcfc?fc, l&^r-^tfpo-^pi-* • • -->pn 
l/^flil^*S<-r-^T*«5Ji^tt, CPUlltt, 

[0 0 5 7] X-r-y 7°S F 3 T?tt, 1 1ml t_f*0 
NtL> Xr-y 7°S F 4-\5tt?o CCT'l i in 1 t_f 
tt, O N"e*««^fcf4±lSS^Qo Qi Q2 QstfSS 
SSBfr&tt&ffiLTl/^Ci:^, OFFt'SS^ttt 
±f 2«73 fl5 Q 0 Q 1 Q 2 Q 3 &£tt£B rtfcHx^TVSC 40 
t^mt. Xf7/SF4m 1 iml t_f*'ON 
■?fo%r£s »*W4, Xf-^SF5~Xf'yySFZ 
5 $TfO-3iOjl[ia<OMfTlil»« t 1 0@WrtT?*«H 
(4s Xr-y 7°S F 5— Xr-yT'S F 2 5 ©SPi^lS 0 3§ 
T„ Xf7 7SF5m h«Dffl*'0~3-e**ra, X 
r-y7S F 6 — Xr -y 7° S F 1 5 Offla** t) jg^o 

[0 0 5 8] Xr-yT'S F6f(i, hOitf3T^Sfr 
gft»**Wr*o coWWRBRff TYESj ®*§-&(c 
tt, Xr-y 7°S F 7^^ Xr -y 7"S F 7 T*tt, Xo 
tCQh^AU XitCQh*i %^AL> Xf-v 7 S F 9 so 



'NjiOo — yj\ Xr-y7°S F QOWmmMW TNOJ <D 
h«D*#3T?**#£fctt, Xr-y 7 S 
F8^xiiiyo Xf'yySF81?li, XoKQsfcftAU 
XilCQofcttAU Xr-y7S F 
[0 0 5 9] Xf-y7SF9m 1 $ 

h;l/e.^5f<*b, Xf7y'SF10'\itf o C© 

T?;fc.5^F;i/i:^Lv\, x-fy/SFi 0T-tt, 1 1 

m.chkKOWAU Xfyy^SFl 1 'vJttT. X 
fy/SFi im j£XDfc/£Xifc**S.5ia±©j£fc 

HcTfcfc:, £Xofrfej£XiST?#lgfcS*iM&S-*t, 
MCO^TXf-yyS F 1 2— Xf-y/S F 1 5 <£>S& 
a^T^o Xfyy'SFl 2ftt, ±,125ffi5iift^SE« 

(5) - (1 6) »JBVT„ ££#>2^#«$j6K: 
***&©a*<y F 1 1 c 1 - 1 c 4 OftS 

Xr-y7S F 1 3s\mt?o Xr-y7S F 1 37 
tt, Xf-y/S F 1 2 T*#A&fc&HlteW 1 c 1 — 1 c 4 

FY E SJ ©t§-&tctt, Xr-y 7S F 1 4^ilty„ Xr 
•yySFMTIi, 1 im_chk (h) (ci%M> 
Xr-yT'S F 1 1 'nIS. XryyS F 1 1 fC*VT, 
«Hjfil«<jjRXi»CitT*i;, Xr-y 7"S F 1 S^tttf. 

[0 0 6 0] Xf-y/S F 1 5 T'tt, 1 i m_c h k 

Ch] teA I«Rl5fc«*» jSXpi:MlXii:*IS*3fltO 
SST'tPJO, Xf-yyS F 1 B'sJit?,, Xf-yyS F 1 
6T*tt, «77^QoQiQ2Q3«02a©d^, 1 1 m_c h 

k [h] ©te#*ife;*:*V->;H*3WW-S. Bfc 
;*CffV> 1 i m_c h k [h] 1 fcLT, ffiC0 3-3 

Ol ini„chk [hi ©**IE*MtU Xfy/SF 

1 T\m&o Xf-yySFl 7-^tt, ^atwjts-*-* 1 

im_chk [h] OltSUT, *fr»«t*tf5. H 
1 4 (a) fcjj*TJ:3lc» jZIQoQi fciZZQzQj 

(BH^5tt*m-r«&, 1 irn_chk [0] 

1 i n_c h k [2] ttfPifc 1 T*$.S^lctt, X 

r-y 7°S F 1 8^\jtt? 0 Xfy/S F 1 8 TB, H 1 4 

( a ) scjjvr * o icmmi Qo q . q . q s owftiBos^ 

G*4'*i:bTSyj^QoQiQ2Q3^9 0" 0*g^H± 

[0 0 6 1] Sfc, Xr-y 7"S F 1 7 C*fl=»«fcfeV> 
T, EI 1 4 (b) t^-Tiatc, li^SQoQi Q2Q3O 
£T©H#aS«Hfre>tt*a-rJ§&k:«, Xr-y7S 
F 1 9^\3tt?o Xf-y/SFl 9T-tt, dOS^JgQo 
Qi Q2 Q 3 *a«IBHOrtffl!lClR«)S C k tt^BlffiT-S 

S^tWSitSo Xf-yyS F 1 7«*ff»^tc 

fci/^T, 1211 5 (a) lC7n?£olc, HJjfcQo Q 1 Q2 

^ffl^aQoQ,T?S>S^a-, llm_chk 



(12) 
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(0] ^lT-$Si#(c[i % Xf-y^S F 2 C\ittr 0 
Xr-v/SF2 0m El 1 5 (a) ic^T^fC, ft 
TafBQoQi Q2Qi*x*Oft«*|S]'\A xmWft&f)) 

[0 0 6 2] JUT, 1 7 ©*##IRK::&1^ 

Wr**tf-***VZK* HQiQ 2 T-fe?,±i^ (HI 
5 Cb) #M) , raSD, 1 i m_c h k [1] AVI T* 
feSif-mctt, Xf'^S F 2 1 'Xit&k Xf -v^S F 
2 ITU S^JBQoQi QjQs*y«lOiE©^rRl^A y 

iz%^mt>\ sqzQs-c 5 cbu e (a) # 

M) , 0$D, 1 im_chk [2] *M T'feS^fC 
(i, Xr7 7S F 2 2'\jt&, X^-y^S F 2 2"P(i, 
S73®QoQi Q 2 Q 3 «-x$[f|tDIECO^[n]^\A x fcttW^ 

22Q3Qo-T-$.5«-& (0 1 6 (b) , o$ 

•3, 1 im_chk [3] 1 -tf&Sifrn-fclti, Xf'V 

F 2 3-\}f#, Xf7^S F 2 3tS, ft^Qo 
Q i Q 2 Q 3 * y W©fl<E>#iai'\ A y 7£tt¥?rBMl3^ 

[0 0 6 3] Sfc, XT7^SF170»fitft^T, 

1 lm_chk CO] ~1 i m_c 
hk [3] A^TOTfeSJf^tca, Xf77'5F24 
^\iit?o XT'y7SF2 4T*(i, CCQftTaJgQo Qi Qz 

(&^#&< , SftflDf4@T'g75fJgQo Qi Qz Q 3 
©«lifi*^T«^««Rri»T?**i:UT, 1 irai t_f 
tOF F5rftAt5« Xf'y/S F 1 7 IcfcttS&ftft 
ttfc, &MftOXf^S F 1 8~S F 2 4tfeW 
fflffl**7-r*i:, Xtv^S F 2 5 ^Nj@i£?o 

[0 0 6 4] Xf7^SF2 5TU X-f->y7°SF5~ 
S F 2 4 ©-a««»*fT^fcHfT@»*'l'>* U 

hU Xt77SF4'\R5 0 Xf'^SF4K*V> 

t, i imi t_f*<oFF, sfttt, ±mmmmtf 

lOHlcftSfc, X-f 7 ys F 2 6-\itt?o Xf7/S 
F 4 ~ S F 2 5 teS-TSaaote** Xf7/SF5~S 
F 2 5Tl?ofcg;*:l 0@©Wgf»£fctt@ls8WlK: 
t^fe5rfi*»Qo Qi Qz Qstf&SlEHOttfctt* 
WLTV^lf-a-^ti, 1 i rn i t_fttONm £ 

1 iml t_fHOFFtM, 
[0 0 6 5] XT7^SF26m 1 imi t _ f # 
ONTS5^*\ fcSVW:, S7?fgQoQi QzQs*^ 

z-rgrmmmw tux* t> * sfci^sa^jBtt- 

S 0 CCWflcfc^T, 1 imi t_ftfON, $>§V> 
tt, fi/^Qn Qi Qz Qj fc«*r«nfc»£ 
fete, Xff^S F 2 7^itt?c Xf'y/S F2 7T 



-tr— 2^&tiWjf£o -7a, Xry/S F 2 6 OfiJK^*3 
l/>T, 1 imi t_ftfOFFT'6?) > fro, 

oQi Qz Q3*»**-rtr« t^juf^nrvftvii^tfi, 

Xr'vT'S F 2 8^Nitt?o Xf7/S F 2 8 THi, f&jfi 
7S F 2 9^Jttr 0 Xf7ySF2 9T'fi, ^TcJSf^S 

[0066] tc5T*, ^s>y , y2^4s^e,Rtm$n§ 

t?, EI2 2tc^-r<fc?fc, ^g|BH3 1 CWUT. 
•5 s - £ £rg$! L tc±mm?jB QoQiQzQsOti^ffiLT 

/jJBQoQ^zQj^SIBHTb^a^fcBLTV^^T- 
SoTt, SI 1 8©Xf7ys F 1 8te±tfS F 2 0 ~ 

s f 2 acwUfciateSfcttWfiwwOTtff^jea!** 
[0067] *^u-*j8*±Efflaoni»*is^-r* 

k, CPU1 lOi!!lIli02 3OXf'y^SG l'Nl 
C?o Xf'yyS G 1 fe<fctfS G 2<DjfflUt4, ±5zELftX 
r--y7°S F 1 fcitf S F 2 (H 1 7#M) fcjKLfcSUI 
^IBICfetDT-fei-o XT77SC3TU hOitfO- 
3T5-&5.P.B. Xf77'SG4~SGl 5 t> ig 

"To Xr7/SG4Tii, mmZQoQi QzQj^TIjSQ 

©*5»k:33»**n*an l c l ~ l c 4 toftS e i ~ fi 4 
1 i in i t_fKOFF*1UU X^-y7"S 

G5^itt? 0 c<om. ±mejm*&»& (5) ~ ci 
6) *fflvvrfcftfiei~e4*#»5cfctf-esftv'>ig 

HZZt^n^K:, ft77Ji5QoQi QzQaWffl 
QaQefc£S«Bfl.»fc©3i5£*Q' o fc U 32Q.Qz 
^ttSWH^^O^Q' i^U COQ' h (h = 
0, 1) \c&.&jJ>Zftmtt&W}Z*£ttt.Z<Dutf»/ h 

1 Ofi«IC43(t«ftiaKM 1 c 1 ~ 1 c 4 O^JS 8 i ~ 
04^J6So C<Dt§-&. STV^QoQi QzQsOr/J^Ki 
ffiB£ffiIELfc<DT\ 1 imi t_f^ON«„ 

[006 8] Xf77"SG5m i«Wl~4T'$ 

am, xf -y 7° s g 6 ~ s g 9 <Dmm&m k> it„ xf 

7 7*SG6 Tii, Xf77'SG4 T:-5)<46rc 0 . *^<Dg 

SsV TYESJ ©tg#»ctt, X-r>y7°SG7'NjiCyo X 
f"y/SG77tt, 1 imi t_f(cON*f^AU 0 

itCOi-x XT7/SG1 CNjitTo -73, 
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Xf'^SG 6<DVmf&mtf TNOJ Xx 

4 T?jj<46fc 0 . A^co»/jNfta 6 i.rn «fc D/jSS^A^fr 

*¥ijWrTa. cowwaaa^ tyesj <o*&»£i*i, x 

T'y^S G 9^\iitr 0 Xf-v/S G 9 limit 
_ncON*ftAU 8ifcei.in *fUL, Xf>yy 

5 G 1 0 ^mts. 

[0 0 6 9] Xr77SG10m 1 iml t_fA' 
0NT?fc«fr3*'*¥!l»T-r*. £<DP0ffiWi1fi TYE 

A q = | Q' h-Qh | 

[0070]XT7^SG13 T?ti, A q A^^Ofil £ 

fFS«4£:fi3VT, a&5j^U4«)9iJ»S«3rtfl!)RAMl 

mfct-So Xf7^S G 1 3 ©WBri&gStf r Y E S J T? 

Xfy/SGl 4'\jttr 0 Xf^/SG 
1 4m QhtCQh' *f^AU Xf'>7SG3'SK 

— Xf^SGl 3ffl¥Wf*S£tf TNOJ (Di9 
^til Xf-yys G 1 5^Jttro Xf7^S G 1 5 T? 

¥ TaiffSs* 4 <D«^fGK«^U Xf7/SG3 
So Xfy^S G 3l:fel«>Th<0tft«3*aA4i:, - 

[0 0 7 1 ]iWt, 0 2 5(t^-f ckdtc, y-ttfZ- 

75"r£lCOV^TI12 6-0 2 SICjjVTP AD0*#5$LT 

CPUl 1 «S2 6(DX-r>y:7s H 1 'xjlty, Xt- 
7^SH 1 Ti=L 7-^OSSf-^> *5<fct>\ 
■r — -f)l'<Dffim* FDD14^P,RAM13 ^St&Hi 
U Xf'y/S H 2^\jttf„ Xf'yySH2~SHl 6 
Tfff-5SftS{4, 01 7^#iLTt!JiL/:Xr7ys F 
2~S F 1 60fflat|HjCtCQt?fe?.c XT77SH1 

eic^-rmmm^TTzt. g2 7K^txf7/sH 

1 7'\itt? 0 « 

[0 0 7 2] XT7/S H 1 7T*{4, &E2tc*foS-f S 1 
im_chk [h] ©ffilCfSCT, *fr»«E*ff5. Ml 

2 5»At^-r<t^lC > fi7?ff$QoQi QhQsO^TcDH 
ft*««iefflfr£ti*WLT^Si&£, -^sd, l tm_ 
chk Ch] A^T 1 T-&S^&tC«, XT77SH1 
8^31^ ^->ir--/;l/£rl 8 0° |§IIE£tt«4 $ 
fc, XT7^SH17CMMl^W, S25CB 
tc,7xT<J:^tc, S^QoQ 1 Q2Qs<03ZIfi05-B. £»K3 

£\ O^O, 1 im_chk [3] #1 t?fc<5i§^lc so 
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SJ £D*§-&fUi, Xr--y7°SG 1 1 "\jtt? 0 Xx-y7°S 
C 1 1 T'ti, P#<y h 1 O^-lUKtt lcl~lc4«ff] 
fi«n j Pnxf77*S G6~S G 9 liCX^JEhttPjtS. 

OfiB^rQ' hfcU Xf77'SGl 1 ^ittTo X-r-y 
/SG12T1i, S^SQoQiQ2QseoM^Qhfc, X 
f7ySGl 1 T^&fc^^^cQfitBQ' htOEB 
lAq^t^tS (18) £rffi^T*46, XT77S 

g 1 3*\m&. 

(18) 

{is XT77SH1 9^t», *->-r— ^/l/fc^MO 
^•(nJ'NA 0@l^S-l±So HU«Sfc:> XT7/SH1 7©^ 
ffMfcfiV^t, BZ50ClcgtJ:?fc, ft7?ff$Qo 

#A£l/^tfiZlQi QzT'&Sif-^ 1 im_c 

hk [1] tflt'SSi^lLlt Xf77*SH2 0'\I 

£->x-7;l^;fclii!975ft'\A 0|HHgS-£5. 
[0 0 7 3] £fc, El 2 StDDtCyTNT.t^tC, m/iBQ 
oQiQ2Q30^TOja^«6S«5B8rtfcA^rv^S«^-, 
oSD, 1 im_chk Ch) ffitOT?»5JHti: 
t±, XT7/SH2 I'xl*, 2->7—-?Mmlfc-$ 
iff, 1 imi t_f fcOF FSrftAfSo X-r-y^S 
H 1 7tc:fctf3^#«:^ S««XT7 7'SH 1 
8-SH2 1 C*5t3-S4aa*«E7-i-S4:, Xf77*SH 
2 2^\jtt?o Xf77*S H 2 2T«, Xr-y'/SHS- 
S F 2 2©ffla*{?ofcK?T®K*-f'>*'J*;/i.u 
Xf77*SH4'\S5„ Xf77'SH4ttVT > li 
mi t_f*'OFF, Sfcli, Xr77'SH5~SH2 
2 Offla*fr-a fclffrlSIiteO 1 1 0 @ J: "9 At ^4 Sfcf, 

Xf 7 7" S H 2 3^\jlCy 0 

[0 0 7 4] Xf7/SH2 3T'li, 1 imi t_f*' 
ONT'SSfrg^WHPrTSc, CCOfUSfTlg*^ TYE 
SJ O^CB, Xf77 , S H 2 4'\j£ty„ Xf7 7'S 
H2 4m 0 2 lfc— WfcjjVr.SSfc^y-fe-i'*. 

H2 3©*J6Sf5e*^ TNOJ CDig^Cfi, Xf7ySH 
2 5^\jtty 0 XT77 , SH2 5t i li 1 ^7*-^%, X 
T7 7SH1 8 — S H 2 OT-sRitifc^-^T— •yVKOII 
<EftfttcS"3VT«JfcU Xf7/SH2 6'\itf 0 X 
x-y7SH2 6T*«U >t— ^Hc. Xf7^SH 
1 8~SH2 0-e#46/-c@eftfi*3Sm-r*o Xf7 7" 
SH24S/cBSH26 ©SQJI^T LfdfL -H5>J»i& 

m*i&i"tZo 02 5tc^-r<fcdtc > 

Z>H3k±%:&&-r%Wi-£rlC ±,!B0 2 6—0 2 8 tc^-r 

- f a 7 - ^ cd {VtK^M L < ft 46 T BBiS-r 5 £MS « * 
[0 0 7 5] ?eSt3tf>2 5tJB*, ittCHAOft 
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&m&frloffife<D-t3fa'\ 1 m/s e ciDMTift^t [0 0 7 6] *^U-*#±iBfflS©ra&«:«jivrS 

5«£fc, *ISH5tol c 1-1 c 4 ©ttfcftiffiftfcSW H29«X?*yS 1 1 '\3HtT. Xf'^S 1 1 T* 

m(D&mm$i 1 c 1 - 1 c 4 oftattrMrsfcftjwot a, ^u-ztf^ftmimmA *mh^riim.<vmm^ 

%&\s]W$ll c 1 — 1 c 4 {COV^TsR*, ^nS©?^ * vv*A^J"fS t. fOl5rR AM 1 3ti*iji 

a^ofia-es^ftjsa^ffij&^ffieustov^T*** x^-y:/s i 2^514?. xr-y^s i 2tu ma 

*o Hi, Cft$^Lfc£«0!lT?tt» ztt^ifilOfit*^ AU X-r-y/S I S'Njt&o Xr-y/S I 3Tfi« 32 

Ra»t-r*W«Oxy¥iii*jJWl4:'«-*aaKOV'»TSK a^^h^vvfclSILj^l^T&f?, fro, *<D±Z2tf 

ILTf fttf, 0 2 9 t^tfilTtt, z$^-(fi]«ffit 1 mTS^S^* H^e.^lcSta (1 9) 

BlSi:L/c3^7t^r B 1rt^T«ffiS^M*i:L^ 10 ^TSEffiU X^<y^S I 4^iitr D 

e, = v./v el (19) 

[0 0 7 7] Xt7 7*S I 4-S I 9T?fi< g» i Offlt 0) - (2 2) fcttALT±fBft]fitft&fc<a*l*W-*-a 

*0~!IC, g»J ©flS*0~m»;:, agftk<Offi*0~ #B3j&<D&HUi§[ (x. y, z) Xf-y^SHl 

nt*fts*T^*, ^n^nofii^t^-rs (2 o^jtc?, 

X = X.in + A X X t (20) 

y = y»m + AyXj (21) 

z = z»in+AzXk (22) 

Xir-y 7°S I 1 0T?H\ ±SEL;fci9ijII&¥g«i5£ (5) 1 c 4 (d/dt) 0 . fc&fc^faS (2 3) 

-(16) fcffl^T, «6«#>2ft4S#±IE#J8lS 20 T*#\ Xf77SHl 3^3ttr„ ±3zEL^J;5(c 

(x, y, z) tcfe5Jf-a-£D^-@$Ellii 1 c 1 - 1 c 4© (d/dx) ii x tot^T 1 0«5)-r S C t (d/dx) 2 tt x 

ftS0i~e4*flCftU XfvT'SHl l'NjltTo Xf CO^T2@f»t§i:i:^t. (d/dt)6« = 

7 7*s i i lfttv Xr7/*s i i o-esR&fcftSei C(d/dt) e t , (d/dt)0z, (d/dt) 0s, (d/doeO T "? 

~ 0 4*ffll/ -"T^ntrtryiJ J m- 1 XT77SH (d/dt) 0 1 tiHteM 1 c 1 CD&j&fifc, (d/dt) 0 2 

1 CJn^neffiajjMfcj:, ±Ea»^a* ttHMEttl c2©ftIS^ (d/dt) 0 3(iI3]fsWl c3 

S (1) ~ (4) *ei~fl<"?ffl«#Lfc4 x4©ffyiJ ©ft>»S*, (d/dt)Oiid:|H|(EMl c 4 ©flag*** 

T'&^o fn*LTI/^ 0 Sfc, J fi_k fH-V 3 tffr^ij J ji OXM 

[0 0 7 8] Xf77"S I 1 2T*«U S-EHeW 1 c 1 - ff?iJT*-S 0 

(d/dt) fl« = Jr l • ev (2 3) 

[0 0 7 9] X-r-y^S I 1 3T'tt, ^@^f|l c 1- so t) 0 i WzftM&Wdt) 0 »« fc©J±Ri *&(cjST 

1 c 4tCOl^T, Xf 77S I 1 Z*ttjM>fcfca*(d/d (2 4) £ffl^T*46, Xr77°SH2 

Ri = (d/dt) flrn^ /(d/dt) 0i HBU 1 = 1—4) (24) 

Xf77"S I 14m Ri~R40a-6Wg^fil^r, ± 03OOXf'y7'SJ l'NjfiCfo X-r-y7°SJ IT 

amm& Cx. y . z) lt, sa t±, i*.. i_i lm— tcai*, j.*. j_i i 

5>Jv Ci, j, k] CftMt^o K±^fcXf77S nw tttmft, t, j, i -« , j_. 1_11 

1 1 0-S I 1 4 ©fiia*, Xr77"S I 4-S I 9 T? m.m , j _ 1 i m.i„ , f 1 1 e_n u mtc& 0 i&ftA 
^OffiWffi^toSnS^TtTJ*^ (x, y, z) fc U Xt -y 7°S J 2 'Njifra CCT% 0 

[0 0 8 0] ^tc, 3$fi"<£ h;Wv^§5v e 1 J: (#M£) *»j£"rSfcii><E>S2»-l?a&S. Sfc, 

»3^:sv->±3H5fififli^ffl*as-rffi«^oife'&*aaEffi^ 40 i.m, I.*,*, j.in, j « a, ±.mm&&<om&-?r& 

2 9c.t®*&m-£&%iM'gic. mmmw3fymmfi>2 9t i2 3 5tc^-r o, j) = (o. o) , (1,0. 
m&m%ffl&-£-&T^<mm&t c p^jRasflasjco (0, m ) . (1, m) © 4 j&fcm&fc-r assort 

0-03 41C^"TP AD0^#BgLTf}^-r (BISrS-To i _ 1 i m.m , !_1 im«, j_ 

So W, H2 9fcjSLfcJaiS-ett, zlltefoCffifenj^ 1 1 m.i„ . J_l i m„ax fct, ±fB#5SB& (i, J ) ft 

t Ltc 3^t7cffiw*i** fc br*aa*fj^fc38«, 030 ±iaft7j^<Drtfl!ih:a&a^g^o!pjwiteffiffl v*nss» 

-0 3 4 tC^-rffiJMTii, 03 5tgt±?tz*SB 1?**o f i 1 e_numttfflIOW»i65« 

^ 0 [0 0 8 2] Xf7/SJ 2711 Lsfatus, 

[0 0 8 1] *^l>— **<±Effla©Hi6*»S-r* so status^NOfcU countertO?:, A 
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i, Ajtc+lS:, diriCx%ftAU Xf 7 7S J 
3^j1£J 0 CCT', statustt, WfitfYE S& 

»aStf»ftv e 1 iW^ci^ N0fcSfc?88t 
WiifitfMfive 1 ±!>/]v£V»Ci:*jj*-r. Lsta 

9u$&CD®m'&mc-O^T status fc|Hli:rtg*3S 
■T. Sfc, d i rttStt^>2^«WHHO»Ulii: 

<Dm&MtWMX> 2 fttflfci x Wjfo^»Wl C 10 

SLT^5„ Sfc, A i43*tfAJtta8fcl*J:tfJO 
JtttS*, counter \tmMiS> 2 t 

[0 0 8 3] Xf7/S J 3T?tt, v C i , j , m) # 
3lJt<^ h;l/vvO*ffS v e l ifJ/hSVH, Xf7 
7S J 4~S J 1 2 0ffla**!)St. Xf >y7S J 4 

J 5 T*t±, i *M _ 1 i mmax <fc <3 A^V^S*^ 

WW*"*. C TYESJ ©ifc&fctt, Xt 20 

Xf 'yT'S J y\Jtty. Xf 7 7S J 7T*«, i 
tc i_l i rrw Xf >y7S J S'Nj&tTo X 

f'y /S J j tc A j fciraA, Xf77SJ 

mts a xt77*sj 5onfffir*«t TNOJ T-fc 
S*B£fc«\ ?©SSXf'y7s J 9^Njfi£? a 

[008 4] Xf'v7S J 9ta, i*M_lim.in 
±0'>*V"«){|»5*»*JRWM-*o COWWHS*** TYE 
SJ ti, Xf 77S J 1 C\>tt? 0 Xr7 7S 

J 1 OTIi, A 1 tc— 1 Xf77S J 1 1 "\Jt so 

€r 0 Xf7 7sj l l i tc i_l i m.m &TCA 

U Xf77SJ 1 2~«jtt? 0 XT77S J 1 2 
j tc A j *rin*., Xf77SJ 3^15. -73, Xf>y 
7S J 9 09jKffigj|ltf TNOJ "PfeSlS^-tef*, ^(DZ 
$Xf77S J 3^nR5 d Xf77SJ 3tC*5V>T> v 

Ci, j, W )ftW^n^v,0^?vel«J: 
tc&-5i:, Xf77S J 1 3^atr 0 

[0085] Xf77SJ 1 3T'a, xiCXmin + A X 
X i >£\ yty„„ +AyX j^ftAL> Xf77S J 

i 4'\Jtiy 0 xt77sj i 4-eti, xf7 7sj 1 3 « 

T?*46fcx, y^J^fi (x, y) *«^iL 
Ttcp [counter] 'vftAt, counter 
iatti, statusltYESmU Xfy7 
S J 1 5"Njlt? 0 XT77S J 1 t c p Cc o 

unter) fftcp [0] i:HL<&i^fH, Xf'v7 
S J 1 6~S J 5 OOffla^rH Dig-To 03 2tCaVTX 
T77SJ 16TU v [i, j, ml imarUrh/l' 

W*rllSSltf TYESJ ©Jf^tea, Xf77SJ17A 

Xf'V 7S J 1 7T*ti, d i r^xT-JSW 50 
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fcEHfrrSo COPJMttJIitf TYESJ cDif^tCti, ® 
3 3lC^tXT77S J 1 8^mtS 0 
[0 0 8 6] XT7/S J 1 8T'li, v [ i , j — A 
j. to] ^M^^h;Vv»OAtJve Ut)AtV> 
frSfrfcPJISfr*. CO¥iJ»Tl|g*A< TYESJ <D^\Z 
ti, XT77SJ 1 9^ii£?o Xf77*S J 1 9tli, 
d i r tc y ^AL> A j It- 1 132 tC^T 

XT77S J 3 2tC\jffit? 0 -73x Xf77S J 1 80 
«Wf*g»a* TNOJ Xf77S J 2 O'Xjt 

tr» Xf77SJ2 0m xtCXain +A x x i 
y tC y«,i„ + A y X j ;£ftAL, t c p [ c o u n t e 
r] fcj*C (x, y, u>) *Vm&£ LTftATSo *(D 
conterfcl*. IfcAl*ftj*. Xf7/S 

J 2 1 'Njitfo 

[0 0 8 7] Xf -y 7 S J 2 1 Tti, i *M __ 1 i m 

ESJ CDJ§£1C«\ XT77SJ 2 2^jttfo Xf-y7 
S J 2 2 T?tt, 1 tc 1 _ 1 i m.m SrftA U j £ A j 
SriO*., A 1 tc- 1 fcfcHt, Xf -y7S J 2 3-NjttJc 
-75, XT77SJ 2 1 <0*iJWf*S**' t TNOJ com-frlZ 
it. fOSSXf77S J 2 3s\miy. Xf7 7S J 2 
3 t»tt, i i _ 1 i m.ax J: 0**V^Sft»*Wff-r 
So C©*iJ*rtt*tf TYESj Olf^ttt, Xf77S 
J 2 4 'NJSCT. Xf7/SJ 2 4 T»«, 1 tc 1 _ 1 1 m 
max *ttAU j tc A j ^ftP*, A 1 tc — 1 0 
3 2 t/T^tXf -y 7 S J 3 2 ^jtfro 
[0 0 8 8] -73, 0 3 2CgtXf77S J 1 7 £D*lJ 
mSJIttf TN0J ?5Jl^tcti, 0 3 3tC/fctXf -y7S 
J 2 5 'Njltfo XT7/SJ 2 5 T*«, v [ i — A i , 

j^S^^ipJif-rSo C©3pJWr«e*^ r y E S J »^-&(c 
(±, Xf7 7*S J 2 6^\jlt? 0 XT77'S J 2 6 T*tt, 
d i rtCx^r^AL, A i tc- 1 **Ht, 03 2t^-T 
Xr7/S J 3 2(Ciltfo —7b", Xf7/S J 2 SOW 
iT*g*# TNOJ cOil^tCti, Xf 77°S J 2 7^31 
^„ Xf 7/S J 2 7 "t?t±, xlCx.,, + AxXi^ 
yty.in + A y x j JfrftA U t c p [ c o u n t e 
r] (C^ (x, y. co ) LTttAf*. 

conterlcl^ j fc A j ^rimx., Xf -y7s 
J 2 8 -NJttfo 

[0089] Xf77"SJ 2 8 m j # j_l i rn 
.m *0/JvS^3!>»ffft»*W»fr*„ ccofiJiffe'i*^ Ty 
ESJ (Dit^iCfi, Xf77"SJ 2 9-^31tr 0 Xf-y7 
S J 2 9 -e?f±, j tc j _ 1 i m.i„ ^rftA L, i tc A i 
■fcijnx., A j tc- l ^rAHf, Xf -y7s J 3 o^mtSv 
-73, Xf-y7SJ 2 8WfiJ»r^m^ TNOJ X'h^>m 
•&tc(±, fiDSSXf 77°S J 3 0^\3tt?o 

[0 0 9 0] Xf77*S J 3 Ofti, j _ 1 i m 

»ax «fc!)^:*v^ff*»*WpW*.. coWWBS*** ry 

ESJ CDS-8-tca, Xf -y7S J 3 1 ^ittfo Xf -y7 
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S J 3 1 T»tt, j fc j _ 1 i m. aJ SrftAU i tc A i 
^ftPx, AJK-lWt, 0 3 ZlCTK-TXr-yys J 
3 2-\Htr 0 -73, Xf7^SJ3 0Of«m TN 
OJ T-£§ii-&tCti, fOSSXf'^S J 3 2-\it 
tfo Xfy7"S .13 2 X'te* 1 _ s t a t u s tCilffiO 
statu s<Dfii£\ statu stCNO-feftAU El 
3 OtCjjVTXf -y^S J 1 5^15. 

[00 9 1] -73, @3 2ltgnfy7'SJ 1 6©fiJ 
W*gfR** TNOJ ©a^-tctt. Xt'^/SJ 3 3-01 
O* Xf77*SJ33 T?f4, stalustfYEST'J io 
«*»S^*ipJWf"r«o CcDflW-SStf TYESJ 
tea, Xf •y'/S J 3 4'\}IiJ 0 Xf77"SJ3 47 

d i rtfxffeS^g^^WitS. C©*IJWM8« 
# r Y E S J XT7 7°S J 3 5-\ittfc X 

f-V/S J 3 5T'tt, d i rtCy^rftAU ifr£>Ai 
*3IS, j tc A j ^ijq^.?> 0 ££tc, l_s t a t u s 
tciJlfficQs t a t u sOfifi*, statu slCNOfcfS 
AU 0 3 4 ic^f Xf -y:/S J 3 7^)tt?„ 

[0 0 9 2] -73, 0 3 2tinTy7*S J 3 4©W 
IfSS*' TNOJ <Qif"&tCt£, Xf7ysj 3 6 -sit 20 
€lo Xf-y^S J 3 6m d i rtx^fUU j 
&AJ*g|*» IfcA l*4nrt.«* Lsta 

t u s KM&<D s L a t u s Offi^, slatustN 
O&ttAU 0 3 4tcjjVtXf >y:/S J 3 7 'Nitty., X 
f -y:/S J 3 7T*ti, statu s #N OTSSfrS^ 
jfespJWfSo c^WWriie*^ tyesj o*&»ca, x 
T->y^S J 3 8^\3lC?o XT--y7°S J 3 8 T-ti, l_s 

t a t u s N0T*£3frSfr#Wff -5 0 COfrJKfite 

TYE SJ cQtf-aicte, Xr-yT'S J 3 9 'sjfitfo 
Xr'v7"S J 3 9T?tt, d i r^yT&SfrSfr^Wir 30 
t§« COWWBStf TYESj O^tCti, Xf7/ 

s j 4 o-sjityo xf77"s j 4 ow, j tcA j 

X., 0 3 0 tC^^Xf 'Vl/S J 1 5 'MIS. —73, Xf 
7 7°S J 3 gOfllitlXtf TNOJ Xf7 
7*SJ4 1'\Itf 0 Xr77"SJ 4 lftt, itcAi>& 
tox, I3 0tg-TXf77'SJ 1 5^15. 
[0 0 9 3] -73, Xf y^S J 3 8 OWWJS** 4 TN 
OJ (0«^ttt> Xf7 7SJ 4 2^\3St? 0 Xf7/S 
J 4 2t?ti, d i r#xT?*Sfr5;fr*WIrt-*. CO 
WW**** TYE SJ Xf -y:/S J 4 40 

S^iiOo XT77°SJ 4 3m v Ci, j — A j , 
to) ffifflJ^hn/v.OjtfSve lit)**^*»g 
frfcWBfTSo CCOWifr^*^ TYESJ 
Xf 7 7*S J 4 4 s\MtS 0 Xf ~y 7S J 4 4 t?fi, tc 
p (counter) tc (i, j — A j , a>) 
il LTf^AL, g3 0tC/fNtXf77*SJ 1 5^%. 
-73, Xf77*SJ4 3 0WKff*SM^ TN0J «0«£-»C 
«, Xf77"S J 4 5^\jft£y 0 Xf77 - S J 4 5 T'«, 
d i r tc y feftXU A j (C— 1 i tc A i *4n 

X., Xf 77*S J 4 6^3i£?o Xf77"S J 4 6Ttt, so 



1 „ s t a t u s tc status Wfl^rftA U s t a 
t u stcNOSrftAU B3 0t/TtXf77'SJ 15 

[0 0 9 4] -73, Xf77S J 4 2 ©!flj»f!l6«tf TN 
OJ ©it^tcti, Xf 77*S J 4 7'\jttf 0 Xf77"S 
J4 7T-fi, v [i— Ai, j, <oJ ^Mg^^h^v 

WIS*W TY E SJ O^tcti, Xf77*S J 4 8^jffl 
tfo Xf 77*S J 4 8 Tti, tcp [counter) 
tcCi-Ai. j. to) 4«fySfcUfUU 830 
IC^tXf77°SJ 1 S'NSSo -7f, Xf-y^SJ 4 
7 0WWB*tf TNOJ flD*&ttt, Xf 'y7°S J 4 9 
^jt£f„ Xf-y"/SJ 4 9T'ti, d i rtCx^ftAU 
A i tc- 1 j fc A j *ijpA, Xf 7?*S J 5 0 

^ittTo Xf 7 7*S J 5 OTii, LstatuslCs 
t a t u s©ffi£:ftAL, statu stNOm 
U 03 OtCjjVfXf -y 7S J 1 5aK§„ 
[0 0 9 5] _hlHXf 77*SJ 1 4~SJ 50 OSQS* 
tcp [counter) tfi tcp [0) L< 
STl&^iML, Xf 77*S J 1 Stcisu^T, tcp [c 

0 u n t e r) # t c p (0) tfKSSi, Xf7 
7°SJ51 'NitCJo Xf77"S J 5 1 T'ti, Xf -y7°S 
J l TWeLfeSWRoWJBttMMU »fHBH£« 
Sfx7WST'Xf77'S J 1 6~S J 5 OeOSaS 
*'<70o MfaWtcti, i_l i m.m tc l. iB i_l 

1 nw tC 1 ^, j _ 1 i m.m tC j am j _ 1 i m 
.« Cm^RXL, Rl>'Xf 7 7*S J 1 5~S J 5 0 CD 

jais«rffv\ ztiztDmmoxfeT'ik. setcxf 7 7*s 

J 5 1 T\ i _ 1 i m.m 0 $\ i _ 1 i m« tc i 
ux j _ 1 i m.m tc 0 <£:, j _ 1 1 nw tc j »ax * 

fUL, st?xf yrs j 1 5~s j 5 o©«ra*ff 

[0 0 9 6] 0 3 0—0 3 4CQP A D0tC7Kbfc5aS«r 

fflv^5 1, a*^^ 2 «^«^n±ffi Lft^5> jlStefjH 
i^o^tci^o T^Si-T ^ ®T% 03 6tc^t-J;otc« 
sooitcy-^B^H^T^O^ff^^-grtcCi, sj-^ 
*5©±K*IRKjajSffi73l«««rflS*^. * 

cow 5 "7-^ e *iaH-r % 

ci:*<T?*5, 

[0 0 9 7] ^tC, C P U 1 1 tf\ 3iati7jH«COrtg[3 

tc4oV>T0 3 7 fcjjVTJ: 5 *«iiit», ^Sf^>2 5t4fij% 
^i)$^5Saific-C3U^T0 3 8 tC^-T P ADi%#Il 

tuts. *^u-^*'±SEiaa!oi«*&*fflas-r5 

CPUl Ki038£gtXf77*SKltClG o 
Xf K 1 T?t4, i tc 1 €r, jtC0£\ A i tc- 1 

AjtC+l^AL, Xf7 7° S K 2-vit? 0 Xf 
7 7°SK2m itfOZQ-K^ffl. Xf77*SK3 

~s k 1 zcomm^m^M-fo xf77°s k 3-ca, v 

Ci, j. n) !t«iK*hAv«OW*veli!) 
^C#l/^S*>*2pJWf"rSo CcDWffiS*^ TYESJ £0 
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if-g-lCte, Xf-y^S K 4'\Jtty„ XT7^SK4T' 
t±, xtx.i„+AxXi^ yty, B +AyXJ%« 
AU Xfy^S K 5^\3tty 0 Xf7/SK5Tit M 
«#>2$fctf|;fcj£ (x, y, a)) ^ft**, Xf -yy* 
SK6^}gt?o Xf'y^S R6T'li, »fcj?:/2a»S« 

8*tttti. s/ttt, (Uj»s«3k:rt«*nfextr-* i 

6frS«!rS*i*e>U Xf -y^SKS^JtCJo 
[0 0 9 8] -75f, Xf7^S K 3©!pJWHS*^ TN 
OJ coigj'&fca. Xf ■y'/S K 7 ^\iSty 0 Xf'^SK 

7t?a, 2 w^f^tim-e-r, feswawtpg 

Xf ■y'/S K 8 X'l£ s j A j %tU%.. Xf^^SKg 
'Njtfro Xf -y 7°S K 9 T-ti> j ^m<fc t) ^V^gfr 
*Wfft8. C©JpJ»f*g*W TYESJ OlS^tJi, X 
f'vySKl CNitifo Xf77*S K 1 07ti« j tCm 
t» 4]fc-ltftXU itAim Xx-y7"S 
K 1 l'NjBtr. -7?, Xf77S K 9 ©^WaSS** TN 
OJ coit-gicii, fOStXf'VT'SKl 1 "\ittTo 
[0 0 9 9] Xf77*S K 1 1 T*(i, j #0 JfcD'hSV 

*>5*>*jpjwr*o cowwisji*' tyesj vntenc 

Xf 7 7* S K 1 2 'NiftCS'o Xf^ySKlZT'tt, 
jfc0£\ A j fc+ 1 =S:{^Ab. i (CA i £*JP*.Xf -y 
fSK 2^M5o Xf y/S K 1 1 OfWrffigtf 

TNOJ cDif-glUi, froSSXf-yySKZ^. 
Xf •yT'S K 2fC*3l/^T, i #0 «fe t>7^#V^5*^fiJ 
Kb, Xf •yT'S K 3~S K 1 2 ©fflii^r 1 #0*9* 

[0 10 0] 03 8 (DP ADEUc^bfcSttlMrfr? £:> 
> 2 ftfflittB 3 7 te^-T A 5 ft#lia*«iBH:«5 < 

h7^hOMfe^J!3MTt»m $fc, 03 8© 
BJ3 9tejjVr<fc3te» *«Dfc*flcffiKl»A»n«: 

[oioi] ^te, ^#>'2$teHi*as«HF'j<3*ffi 

m&fr s 3f s o^rsi^m soaa -esus * * m&x. fc 
v-c^ smtstt i c i ~ i c 4<Dft}mmz£&®m& 1 c 

l - l c 4©g*ft»S-p»J^fc«*±ffifcl£ffl£»c'o 

w= f (8) 
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StP ADgl*#MbTSJH^-T5o ^-^u-^iiBSaa 
©PS^I/^tSt CPU1 l[i04OOXfy/S 
l l^jttr,, Xf7/SLi *^\s-%nmrM 

Iftftwr- A M 1 3 tn- Kt5. Sfc, CP 
U l l ti\ n#-y h 1 OWtt*m&**&n'*5*>-* 
^•RAMl 3 ten— K-TSo Cft?>cD&yi©^ Xf -y 
7S L 2-sittr 0 

[0 10 2] Xf >yX~S L2T*«« ±K«ijvr- * fc «fc 
fc^f^teBfccfctf^^xWWU Xf >yy*S L 3^Ji 

t?o xf7/SL3T*tt, »^f— Zfon&m&n v 

V&<nWltt'fiU£TZ> 0 Xf77SL4m 5t(c02O 
lTf*-*-N^&U Kftfi^QoQiQiQs 

&*»7— ifotWifcU xf -y/s l 5^;it? 0 

[0 10 3] Xf77"SL 5 -eti, SaSx*x.i„ ~x 
JpffltttbTs Xf >y7°S L 6~S L 7tOSaa^Td 0 

CCT'X.In , Xmax O y h 1 OfttKte «fe oTftg 

y Bln , y.ax fc<j;U-z Dl „ , z.ax fe j etl J PtlHI«IC±E 
«6««Bfc::t3tt 2 ftffi© y IS73|p]fcct;t>" z W 

[0 10 4] Xf -yys L6T-»> i8A>2Wy 

yx_v [1] (DfitJ:!3^V^fc{±, |g^Syx_ 
©ffiSryx [i] fcftHfib, Xf >y7S L 7'\jlifo 

[0105] xf'yysi. 7-eff o^mnrnmic^m 

(4) K&r>x&mm \ c i~i c4cofta»ws:i: 
Lxmm-vzz,, ccx\ 

(24) 

C25) 



(18) 
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[oio6]s (25) =tt), m^nmm (d/dt) e 

(d/dt) e = j - 1 • (d/dt) w .... 
tm-tcttPT^. c<D&<D{d/di)\N\cmrs-£ntz.mi& 

5MA%RXTZ>t, (d/dt) BW&n5 0 c©(d/dt)0 
i:S-WjcoS^jMJS(d/dt) e M ,< fcfcJtflWSC ticx 

t 1 00 %W±<D«l«Offi«l*a»y x_v [ i ] fcfc 

[0 10 7] Xf7/SL7m &SS#>2$fc48itf z 

T> 2*»fcH!g««ffi«#g»z x_v [1] 
**Vii&fcfcj\ f£SI£zx_v (i) <Offi*±fHMS 
HWEffiSlfcMSrU C©H*©x©fiI*z x Ci] KffiM 

gftxtfx— £»)7^<&§i:, Xx-yT'S L 8^31 

[0 10 8] Xfv/S L 8t'lt SSS£z«rz.in ~z 

6 , rnsm zia^tz tt±<offian«*»sg;*n<& x y 20 

^PatCfcfbT, Xf-yT'S L 9~S L 1 0<D9HM*ft 
5o Xf-^SL9m IS^fi'ZftWxttlCf&o 

fc*iRi'\8Hiir*«^'te*v>T, xt^s l 6 ^phk 
rcj^am«ffl*ft<ass[ x z _v en ©«£ o**^* 

(cHfrU C ©BS© z ©{«£ x z Ci] tc*&$jU Xt- 
7^S L 1 0^\3it?<, 

[0109] XT77SL1 0-efi, &S:tf>2$fc4W 
yWlc?9ofc77lRl'N#H&-r§«-&iC*5W>r. Xf-V/S 30 

l 6 fcR«otmc*a^±iaias««ffi«**«>5 0 * 

UT, *»fcjajaflH«B«*^E«y z_v Ci] ©*«£ 
t>*£^«£KfcL aSyz_v [1] ©ffi*±feii 
ftfllttiBWlcJBIfiU :«Oz«yz Ci] tcte 
IflU Xt'^SLSarS. Xr-yys L 8fc:f3^ 
T, gjBtzJb'z™, J;'37t#<^Sfc» Xf'y^S L 1 
1 s\&tS 0 

[0 110] Xtv/S L 1 1 g?Sy^y.i n ~ 

Kffi»ylc,feory«I±OJSflMii*ffi^Sn5 2 40 
x¥ffiJti:*fLT> Xf77*SL12~SLl 3 ©SOS^ 
tTdo X-r-y 7°S LI 2 5fc4BW x ttlc 

»ofe^j|flI's»»'rSJ&&K:*vr, XT7/S L6t 

*»/tia«iiB«apa* t SEaxy_v en 

[ftiSHcMfrU CO^OyO«*xy [i] K««L. 
Xf7/S L 1 3s\WtSo 

[oiii] xf7/s l i «tt^y2*t**« 

ztttc^ofctffa^&irfSit^K^T, X-r-'y^S so 



34 

«> 

(2 6) 

l 6 hmmmmx&T±%mmmMmm*£&z>° * 

Lt> **fca*1R«BB«*^z y_v [i] ©fid: 
9 *f?t, S$Szy_v [i] ©«t*_ttdit 
£««ffi8Ki:®tfrU COB$©yOfit^z y Ci] (C#J 
IftU Xf7ys L 1 1^12,. XT7 7"S L 1 1 (Cfe 
l^T, aSRytfy„ «t < fc, Xf7/S L 

1 4^NJlty 0 

[0 112] Xry^SLl 4T*te. Xf7/S L 5- 
S L 1 3-e#fc5ttfca«fB«ifi«y x_v [ i ] , z 
x_v [i] , x z_v Ci] . y z_v Ci] , z y 
__v [i] , xy_v Ci] 03-6*»e«***WR 
U *5)tC|mU<X7 L >y^S L 5 ~ S L 1 3T*#»5n 
fc y x [ i ] , z x C i ] . x z C i ] . y z [ i ] , 
zy Ci] , xy Ci] ©$5*»6_kl2***fc*fc# 

5„ *■©». ±iaaaES««^Wt?*S*<T.Sxy¥ 

a. yz^pa, zxfaoHot^nwi ax 

^46. Xf7 7"S L 1 5^MiS a CtltCcfcD, Xf7/ 
fe*£^fc©*SSn?ffS,, 

[0 113] X-r-y 7"S L 1 5t?(i, Xf-y^S L 1 4 

fmw&trmtsfo*w&u x^-y^s l i e^jt 

tr„ XT-vfS I. 1 BTtt. 8WSttfc«0l*¥!fiii:f|sJ« 

x c£r±tB©i*; (2 6) £»55Rtf>> Xf77*S L 1 7^\ 
mtSo Xf7 7*SLl 7ftt, S77«QoQi QzQs^ifi 
«SH*;te7-*©*Maiia<x c ft7jfl5 
QoQi Qz Qa©7*— **^&U Xf77'S L 1 8^ii 

[0 114] Xf77'S L 1 y — 2Wm.9tff> 

2 ©ftfl5«Hfr6tt#mLTl/ Xf7^S L 1 

goffla^isos-ro xfv^s 1. 1 g-eu:. xf-v:/ 
s l 1 4T«?£nfc±te^*¥a±tc*3^T, ±tas 

T^QoQi Qj Q3£Dcp^±fBP5p<y |-^-Xffi«3feO 

C©^ TO^fM£©fi7j®QoQi QzQsfcd; 
oTifi<ttSn«l^7 s -*?S£R$©Ei# 1 J' h 1 CD&mi 

mi c i~i c4ft\ ^n^nou'iteWwiS'JM'^Brtis 
fe*t;a*:iHi«sfts*ia*!6:v>*5t'rso c 

PU 1 1 tt±f3 J PW»)»^:*to, Xf77°SL2 0A 
JltTo Xf77"SL2 0m 0 4 3lC7jVrHfCS£oT 

— ^tLTlE'KL, Xr'y7*SL2 1'\Itf. Xf7^ 
S L 2 1 Sfb<^a6fc-r-^(C^^TP^'y h 

[oi is] n^<y h i <D&m$m 1 c 1 ~ 1 c 



(19) 
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[0 116] M4 4fc c fcOT4 5t^-rSQ.a!03^, X 

f'yysM i~sm2 oosaaa, 04 0~@4 1 ic^ 
iftxf'yys l i — s l 2 oojfiafciaii; 

^7 s -*oas»a> 04 6 (a) E3*"j\fc3K, 

a»jS «W*WfcttB2 0OPB*J:rfPii «r#H8) * 
f-rxyH'tiSt^o 04 6 Cb) tc^-TJ: 

± wm^T^^v xyuY {cg^-r 5 c t tc * 0 , 

7- £ COfeBAW >T7^Xf- ^l/^iOJBST' RAM 

[0 1 17] *lc, T-A 1 bj^QlM&lffQftttltiS 
£tfH4Ste*-J-PADH**«LTf8JrrS. 

(d/dt) 2 WM = Jm ■ (d/dt) 2 0m+ Jm 
&0$5|gl 1 c 1 ~ 1 c 4 CD h/I/^ t , fi, ^tc^ 

(28) wensci^fs. cct% t. 

ttlMEttl c lcoh;l/£;£\ r2&l§IteWl c2©Wl/ 
T i = Hii • (d/dt) 2 0i+ E 

j *> ■ 



[0 1 18] *^U-*tf±|Bffl3ralffltt*JB^*-5 
CPU 1 Hi0 4 7tC^-rX7--y7 !, S N 1 ^\jt€? 0 

^Sr-ftfiL SfctiR AM 1 3£tSf- Jf**|ftU X 
f'^SNZ-Nlft Xf7ySN2m RAMI 3 

rt©«^7*-*«fcD, £ (x™a* , y-ax ) t& (X 

™i„ , y «,„ ) t*®&mm*ttpimt-rzm?5mcv 

-*#3fi{HU X-r-y7°S N 3-\Mts 0 x«« 
10 tt«Af^DI«rtn#y Ktf xWtfjiapx^lfrrsJB 
*{0lT*&3o |f3*tey«« ttytt£fa'\8«!|-rsg* 
fit. x.i. ttxtt^lfia^tt-rsg/J^, y-inllyi 

[0 119] XT7/SN3T-B, OiP7fA>FAh 

xnax fc, nsP-f hAyWyiS^lltSt ^jCffi 

"tCt^t't 5 HAfrnMjK A V i»ax fcfcOfcttAU Xr 
"J -f S N 4 s\M& 0 Xf7ySN4T'lt xCDffi&x 

■in ~~Xmax <Df5B t fc^T A X £ IC g TV £ , Xf 

20 77SN5-SN1 20MJ1^to 0 XtV^S N5f 
t±. y coffin y„i„ ~y. a , COiEHtCts^TA y C*£k:g 
*.TV^ Xr77'S N 6~S N 1 2C0SQil^rfT^ 0 X 
T77SN6 T*C±, ^tiE^S/^ST'D^-y Mn> K* s 

^Ift-rStlr^PjiJtAy***, X-r-y7°SN7^ 

[0 1 2 0] a (2 5) «r$P>fC«ffa-t?%^'rS t. & 

tc^-ra (27) ^#e»ns 0 

(d/dt) 0 m (27) 

TsttEHEttl C 3©h/l/**> T4ttHH0Mll C 

4 <0h;l/^ 
»3] 

Hij . (d/dt) 2 0 j 



-EE 
j k 



3Hij 



1 9H j k\ 

2 90 i 1 



(d/dt)0j 



(d/dt) (9 k +Tg 
C28) 



WM=f C0») 

(d/dt) wm = J m • (d/dt) 0 m 

J M- 1 • (d/dt) WM = J M- 1 • J M • (d/dt) 0 

Jit 1 • (d/dt) wm = I m • (d/dt) 6 m 
/.(d/dt) 0m = Jm- 1 • (d/dt)wM 

(d/dt) 2 WM = J M • (d/dt) 2 0M+ J M • (d/dt) 



[0121] $6fC, 1 c 1 ~ 1 c 4<Dft3^S 
(d/dt)0, ftfe]3iS(d/dt) 2 0(1. 5^ (2 9) , (3 
0) «WTK*-rJ:5lc«»LT*i6&n4. 
(29) 



(20) 
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(d/dt) 2 wi — J m • (d/dt) 0m = Jm • 
Jm- 1 {(d/dt) z WM- Jm • (d/dt) 6 i 
Jm- 1 {(d/dt) 2 wn- Jm • (d/dt) 6 i 
.'. (d/dt) 2 0 m = J M" 1 {(d/dt) 2 w»- 
[0 12 2] £[b|£M1 c 1-1 c 4<D£i3igffi 

(d/dt) 8$5&Z$% hnm& (d/dt) 2 0*^6. MSA'>25t 

x $473 [p]*3 «k tf y ttrfl fa'sgn&'r « t § cofimm A 
hA>Ftfx «i#i«J'\8«i*-S i: t Ojfjpjgfi Av, 43 £ 

a^otaiafiAx-x «ktj*#v3^s^*!|9j»f-rs 0 cow 

ffiifemW TYESJ Oi&g-fcte, Xr-vySNSAl 
€?„ xf'y/SNSfii, g^AnMaAx.a,, tcipMSA 
x^ftAL, Xf'^SNl 0-N3tty a -7j, Xfv7 
SN70WWB**' TNOJ <Di§iHa$, Xf'^SN 
8^\jt£y 0 Xf7/SN9m J&w**^ (x, y) 
t U X^y^S N 1 

[0 1 2 3] Xf'^S N 1 Xf-^S N6T? 

JfeWWfTSo C©ffl»l8*tf, rYESJO*&K«» 
Xf'y/SNl l'sJltyo Xf'y^SNl 
iJPitSA^x lCijni£gAy%ftAU X -r-y 7°S N 
M'So — 75\ Xf->y7°SN 1 OWmt&Mff TNOJ "C 
Xf^^SNl 2^\Jftt?c Xf'y^SN 
1 Zftt, tSwy^ (x, y) fcU Xf7ySN5 
^MSo Xf'yy*SN 5lc43V"-T> fflityOffltfy-. 
fcft8k, Xf7 7 , SN4'\M5< ) Xf'v/S N 41C43 
I^T> 8»xOft!Cx.« E&Sfc, Xf'y^SN 1 3 

[0 12 4] Xf'y/SNl 3T'li, xftofifalS&Xf y 

(tt^iPjtfei/^Tatabnafij^ffenfc^x c . y c 

^SrxwcilU Xry/SN 1 4-\Ji£?„ Xf'y/S N 

tcjfeScfca^y-^SSjS-t^ X-r-y 7°S N 1 S'vJt 
tr 0 Xfy^SNl 5T?ti, 7-^^nt;7h/\yFO 
ftfls*5B*«:#HJLT^3IH, Xx>y7°S N 1 6<DSai! 
*mK>MTo Xf'y/SNiem ^-^JfifttLfc 

S N l 5 fc^^T, y-^^n^-y h'NVFOftflMEH 
rttlKSSt, Xf7 N 1 T\mtS* 
[0 12 5] Xrv/S N 1 W.mr—*l£V- 

N 1 8-Mt€r 0 Xr7^SNl SSftROftiK-r 

&^x-#&£fi£LTttiPU Xf-y^SN 1 9^ 
tfo Xry^SNl 9T'ii, ^SSftcoft^x-^O*^ 
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(d/dt) 2 011 

} = Jm- 1 • Jm • (d/dt) 2 0m 

} = IM • (d/dt) 2 0M 

j« • (d/dt) ex) 
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